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Normative values and affecting factors
for the elbow range of motion
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Abstract
Introduction: Abnormalities in the elbow range of motion (ROM) can be subtle; therefore, it is important that the

examiner can compare findings with reliable reference values, matching the patients’ characteristics. Primarily, we aimed

to provide normative values for the elbow ROM in subpopulations based on age, sex, dominance and body mass index

(BMI). The secondary objective was to determine intra- and inter-rater reliability.

Methods: aROM (active range of motion) and pROM (passive range of motion) were measured bilaterally in healthy

adults using a universal goniometer. The influence of factors affecting the ROM was calculated using Pearson’s correlation

coefficient. In two samples of subjects, intra-rater and inter-rater reliability were determined.

Results: The study population (n¼ 352) consisted of 47.2% male and 52.8% female subjects. For aROM (dominant

hand), mean flexion was 146�, extension –2�, pronation 80� and supination 87�. Male subjects had smaller ROM

compared to females (p< 0.001). Differences between dominant and nondominant hand were less than one degree.

pROMs were 3� to 5� larger than aROMs (p< 0.001). Intra- and inter-rater reliability was good.

Conclusions: Elbow ROM is influenced by age, sex and BMI. In the general population, the ROM of the uninjured side

can serve as a reference in case of an injured elbow.
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Introduction

The elbow joint allows us to perform flexion–extension
and pronation–supination movement. According to the
literature, values for flexion lie between 130� and 154�

and extension between –6� and 11�. Pronation varied
from 75� to 85� and supination from 80� to 104�.1–6

Daily activities can be performed with an elbow exten-
sion restriction of 30� and minimal flexion of 130�, in
combination with 50� of pronation and supination;7

more extensive activities such as handling a cell phone
require more mobility.8,9 Sports activities also require a
greater elbow range of motion (ROM); however, ath-
letes are also prone to reduced elbow ROM, especially
overhead throwing athletes. The literature shows that
the flexion-extension range is decreased by approxi-
mately 14� in asymptomatic baseball pitchers2 and a
significant decrease in passive elbow ROM in the first
24 h after throwing.10 Furthermore, overhead throwing

athletes often also have a reduced shoulder ROM,
which makes them prone for elbow injuries.11,12

Conversely, a restriction in elbow ROM will result in
a greater load on the shoulder and wrist, causing inju-
ries to those joints

Measuring the ROM is considered an integral part
of physical examination for elbow pathology. Flexion is

1Shoulder and Elbow Unit, Department of Orthopedic Surgery, Onze

Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands
2Department of Orthopedic surgery, Rijnstate Hospital, Arnhem, The

Netherlands
3Upper limb unit, Department of Orthopedic Surgery, Amphia, Breda,

The Netherlands

Corresponding author:

Elisa L. Zwerus, Shoulder and Elbow Unit, Department of Orthopedic

Surgery, Onze Lieve Vrouwe Gasthuis, Oosterpark 9, 1091 AC

Amsterdam, The Netherlands.

Email: elisazwerus@gmail.com

Shoulder & Elbow

2019, Vol. 11(3) 215–224

! The Author(s) 2017

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1758573217728711

journals.sagepub.com/home/sel

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/1758573217728711
journals.sagepub.com/home/sel


usually restricted by anterior soft tissues such as the
biceps muscle, resulting in an elastic end-feeling.
Pronation and supination also have an elastic end-
feeling caused by ligaments, the interosseous membrane
and forearm muscles.13 Extension, however, has a hard
end-feel as a result of the olecranon pushing into the
humerus. The end-feeling provides information on the
cause of the ROM restriction.

To accurately measure the elbow ROM, the use of
the universal goniometer comprises an easy, reliable
and commonly used assessment method.3,6,14–18 ROM
assessment is important for both acute injuries, chronic
injuries and to evaluate the effectiveness of a treatment.
Athletes are more prone to acute elbow injuries, mostly
fractures (e.g. in gymnasts falling on an extended
elbow). In traumatic injuries, elbow extension can be
used as a sensitive clinical screening test for traumatic
injuries. When the injured athlete has an unrestricted
elbow extension, a fracture can be ruled out without an
X-ray.19,20 Malunion, long period of immobilization
and heterotopic ossifications following a traumatic
injury are risk factors for elbow stiffness.

There are also a number of chronic overuse
injuries, mostly in overhead athletes, resulting in
ROM restrictions.21 For example loose bodies, chon-
dromalacia, valgus extension overload syndrome,
osteochondritis dissecans in children and osteoarthritis
in elderly can decrease elbow mobility.22 Intra-articular
fluid can also restrict motion, positioned in 70� of flex-
ion, the pressure from intra-articular fluid and pain
are lowest.23

Apart from initial assessment of the elbow, measure-
ment of the ROM is a key element for evaluating the
effectiveness of a treatment for elbow stiffness.

Previous studies have reported ROM measurements
based on either small (under 50 subjects) or specific
(e.g. athletes, injured or only one sex/dominant hand)
study populations.1–6 Soucie et al.1 included a bigger
study population but did not account for factors such
as body mass index (BMI) and hand dominance, and
only reported passive ROM.

To guide clinical decisions, it is important that
reliable normative values are available and influencing
factors are known. Therefore, the primary objective of
the present study was to provide normative values for
subpopulations based on age, sex, hand dominance and
BMI. Also, correlations between ROM and age and
BMI were be determined. Next to normative values
for subpopulations, we aimed to provide standard
values for passive ROM (pROM) and active ROM
(aROM) of the elbow (i.e. flexion, extension, pro- and
supination) for the total population.

Our secondary objective was to define intra-rater
and inter-rater reliability of goniometric measurement
of the elbow ROM and present this in a comprehensible

way, aiming to facilitate interpretation of changes
observed in the clinic.

Materials and methods

Study design

The present study assessed the ROM using a cross-
sectional design. Data were collected from August
2015 to October 2015 and researchers were based in
Onze Lieve Vrouwe Gasthuis (OLVG) hospital,
Amsterdam, the Netherlands. Ethical approval was
waived by the local ethical committee (WO15.069).

Study population

Subjects who were aged 18 years to 79 years and
had volunteered to undergo a ROM examination
were included. Subjects diagnosed with a disease or
previous injury that could potentially affect elbow
ROM on either right or left side were excluded.
Volunteers were recruited at (pre-informed) public
spaces and events, such as sports clubs/events, busi-
nesses, schools/universities, family/friends gatherings,
supermarkets etc. An effort was made to include a min-
imum of 25 subjects in each age category as following:
18 years to 29 years, 30 to 39 years, 40 to 49 years, 50 to
59 years, 60 to 69 years and 70 to 79 years.

Data collection

All subjects were examined by a clinician in the
orthopaedic department (EZ), trained for elbow
ROM measurements using a predefined protocol devel-
oped by two human movement scientists (NW, VS),
an orthopaedic surgeon (MB) and a physiotherapist.
For flexion and extension measurement, the acromion
and radial styloid process were used as landmarks for
the arms of the goniometer and the lateral epicondyle
as the centre of rotation. Flexion was measured with 0�

shoulder anteflexion and 0� abduction and a maximally
supinated forearm. With the same forearm position and
the shoulder in 90� anteflexion and 0� abduction, the
extension was measured. In both measurements, the
centre of rotation for pronation and supination was
the ulnar styloid process and the arms of the goniom-
eter were placed parallel to the humeral midline and
dorsal or volar wrist respectively. Both measurements
were taken with 90� of elbow flexion and manual fix-
ation of the upper arm to the body. The shoulder
and elbow position and landmarks for the goniometer
positioning were based on guidelines and recommenda-
tions from previous literature.3,24–30 aROM was mea-
sured by asking the patient to make the movement as
far as they could. pROM was measured with added
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support by the examiner in the direction of the move-
ment. aROM and pROM were measured in both arms
of each subject. Execution of ROM measurements with
landmarks are presented in Fig. 1.

For each subject age (years), sex (male/female),
height (cm), weight (kg) and hand dominance (right/
left) were obtained. Subjects were not asked for any
personal details and data was stored using anonymous
consecutive study numbers.

For intra-rater reliability analysis, the range of
motion of both elbows for 20 subjects was measured
twice by the primary examiner within a time frame
between 1 day to 7 days. To analyze the inter-rater
reliability, both elbows of 10 subjects were measured
by the primary examiner and a trained orthopaedic sur-
geon, who was blinded for the first measurement
results. The first measurement by the primary examiner
of these 30 subjects was also included in the final study.
The subsequent 322 subjects were assessed once.

Statistical analysis

All data were collected using Excel 2010 (Microsoft
Corp. Redmon, WA, USA) and analyzed using the
Statistical Package for Social Science for Windows
(SPSS Statistics, version 22; IBM Corp., Armonk,
NY, USA). Before conducting the analyses, all data
were double-checked by visual inspection and box-
plots. p< 0.05 was considered statistically significant.

Normative values based on subgroups. An unpaired sam-
ples t-test was used to compare patients’ demographics
and to compare ROM measurements between sex, age
categories and BMI categories. Differences for domin-
ant and nondominant arm were tested with a paired
samples t-test. Subjects were divided in different age
groups: 18 years to 29 years, 30 years to 39 years,
40 years to 49 years, 50 years to 59 years, 60 years to
69 years and 70 years to 79 years. BMI was divided into
the categories< 18.5 kg/m2 (underweight), 18.5 to

24.9 kg/m2 (normal), 25.0 to 29.9 kg/m2 (overweight)
and� 30.0 kg/m2 (obese).31

Pearson’s correlation coefficients were calculated to
determine the influence of the continuous parameters
BMI and age on the elbow ROM.

Intra-rater and inter-rater reliability analysis. The intraclass
coefficient (ICC) and 95% confidence intervals (CI)
were calculated for each ROM measure using a two-
way random effects model where both people effects
and measures effects are random. An ICC> 0.75 indi-
cates good reliability.32 In addition to the ICCs, for the
contribution of variance caused by subjects (Varsubject),
occasion (Varoccasion) or measurement error (Varerror)
was determined using variance components analysis,
aiming to calculate the SEM and the smallest detectable
difference (SDD) in Excel. SEM was calculated using
the formula: SEM¼ˇ(Varoccasion þ Varerror) and was
calculated SDD using the formula: SDD¼ˇ2�
1.96�ˇ(Varoccasion þ Varerror).

33

Results

Subject demographics

The distribution of age, hand dominance and BMI by
sex of the 352 participants is presented in Table 1.
An unpaired t-test did not show a statistically signifi-
cant difference between the demographics of the male
and female subjects (p< 0.05).

Normative values for ROM based on subgroups

Table 2 presents average aROM and pROM values for
male and female subjects (dominant and nondominant
sides separately). An unpaired t-test showed signifi-
cantly smaller ROM for all measurements for male sub-
jects compared to females (p< 0.01).

Differences in ROM between the dominant and
nondominant sides varied from 0.3� to 0.7� and were
statistically significant (p< 0.05) for all movements,

Figure 1. (a) Flexion. (b) Extension. (c) Pronation. (d) Supination.
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except for active flexion. For all movements except pro-
nation, the ROM of the dominant side was slightly
larger compared to the nondominant side.

Compared to aROM, pROM was higher in flexion,
pronation and supination and more negative in exten-
sion, all statistically significant (p< 0.001). Tables 3 and
4 present normative values by age and BMI, with
aROM and pROM separately, for the dominant side.
Differences between age groups (by sex) were all statis-
tically significant (p< 0.001). For BMI, in females, all
measurements between groups were statistically signifi-
cant (p< 0.001). In males, active and passive flexion
and passive pronation showed a statistically significant
difference between BMI groups (p< 0.05). Note that
the underweight and obese groups are relatively small.

Correlations

Age correlated moderately (r� 0.50) negative with pas-
sive pronation (dominant –0.50; nondominant –0.56)

and supination (–0.56; –0.50). BMI correlated moder-
ately negative on flexion, both active (–0.57; –0.59) and
passive (–0.59; –0.59). Age correlated moderately nega-
tive with passive flexion (–0.59; –0.59). All other com-
binations showed low correlations (r< 0.50), ranging
from –0.29 to –0.49 for flexion/pronation/supination
and 0.22 to 0.44 for extension. No major differences
in correlations were observed between the dominant
and nondominant sides.

Intra- and inter-rater reliability

In the subgroup (n¼ 20) for intra-rater reliability ana-
lysis, only the difference in age between the intra-rater
subgroup and total group was statistically significant.
Intra-rater ICCs for all measurements showed good
reliability. SEM and SDD were higher for pronation
and supination compared to flexion and extension.
Demographics of the subgroup (n¼ 10) for inter-rater
reliability were not statistically significant different
compared to the total group. Inter-rater ICCs showed
good reliability (>0.75), apart from passive flexion
(0.74). The SEM and SDD were slightly higher for pro-
nation and supination compared to flexion and exten-
sion. Inter-rater ICCs, SEM and SDD were similar to
intra-rater reliability. For both inter-rater and intra-
rater reliability, the results from the dominant side
were similar to nondominant side. The intra-rater and
inter-rater reliability results from the dominant side are
presented in Table 5.

Discussion

In the present study, normative values for the elbow
range of motion derived from a population of 352
healthy volunteers are presented. For male subjects,
all ROM measurements were statistically significant
lower compared to females. Higher age correlated
moderately with lower ROM for passive flexion, pro-
nation and supination. A higher BMI correlated with a
lower ROM for active and passive flexion. Differences
between the dominant and nondominant sides (< 1�)
were too small to be clinically relevant. Therefore, in a
general population, the examiner is able to decide
whether the measured ROM is abnormal or not, by
comparing the injured side with the uninjured side.
This of course is combined with the information on
the intra-rater reliability and patient specific character-
istics such as (overhead throwing) sport activities. If
abnormality arises bilaterally, the normative values
for specific subgroups (provided in Tables 3 and 4)
and correlations (in text) can be used to make an esti-
mation of the expected ROM. Exact estimation of the
ROM with all affecting factors incorporated such as
sex, age and BMI is not possible as a result of the

Table 1. Subject demographics compared by sex (n¼352).

Male (n¼ 166,

47.2%)

N (%)

Female (n¼ 186,

52.8%)

N (%)

Age in years,

mean (95% CI)

49 (45 to 51) 45 (42 to 47)

Age categories (years)

18 to 29 33 (19.9%) 57 (30.6%)

30 to 39 27 (16.3%) 25 (13.4%)

40 to 49 28 (16.9%) 29 (15.6%)

50 to 59 27 (16.3%) 25 (13.4%)

60 to 69 25 (15.1%) 25 (13.4%)

70 to 79 26 (15.7%) 25 (13.4%)

BMI mean (95% CI) 24.2 (23.6 to 24.7) 23.5 (23.0 to 24.1)

BMI categories

< 18.50 6 (3.6%) 8 (4.3%)

18.50 to 24.99 105 (63.3%) 133 (71.5%)

25.00 to 29.99 40 (24.1%) 34 (18.3%)

� 30.00 15 (9.0%) 11 (5.9%)

Dominance

Right 150 (90.4%) 167 (89.8%)

Left 16 (9.6%) 19 (10.2%)

BMI, body mass index; CI, confidence interval.
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Table 3. Normative values by age.

Dominant side ROM (�), mean (95% CI)

Age category

(years) 18 to 29 30 to 39 40 to 49 50 to 59 60 to 69 70 to 79

Male (n¼ 166) 33 27 28 27 25 26

Active

Flexion 146 (144 to 148) 145 (142 to 147) 143 (141 to 146) 143 (141 to 146) 141 (139 t 143) 139 (138 to 141)

Extension �1 (�3 to 0) �1 (�2 to 0) 0 (�1 to 2) 0 (�1 to 1) 1 (�1 to 3) 2 (1 to 4)

Pronation 81 (79 to 83) 80 (77 to 83) 81 (78 to 83) 79 (77 to 81) 74 (72 to 76) 74 (72 to 76)

Supination 89 (88 to 91) 87 (84 to 90) 86 (84 to 88) 85 (83 to 87) 81 (78 to 84) 81 (79 to 83)

Passive

Flexion 151 (149 to 153) 150 (147 to 152) 147 (145 to 149) 148 (146 to 150) 144 (142 to 146) 142.7 (141 to 144)

Extension �3 (�5 to �2) �2 (�4 to �1) �2 (�4 to 1) �2 (�3 to 0 0 (�2 to 1) 1 (�1 to 2)

Pronation 86 (84 to 87) 83 (80 to 86) 85 (82 to 87) 83 (81 to 85) 78 (75 to 80) 77 (75 to 79)

Supination 94 (92 to 96) 92 (89 to 95) 91 (89 to 93) 89 (87 to 91) 84 (82 to 87) 83 (81 to 85)

Female (n¼ 186) 57 25 29 25 25 25

Active

Flexion 149 (148 to 151) 153 (152 to 155) 149 (147 to 151) 148 (146 to 149) 145 (143 to 148) 142 (140 to 144)

(continued)

Table 2. Normative values for elbow range of motion (ROM) by sex.

Movement

ROM in degrees, mean (95% CI)

Male (n¼ 166) Female (n¼ 186)

Dominant Nondominant Dominant Nondominant

Active

Flexion 143 (142 to 144) 143 (142 to 144) 148 (147 to 149) 148 (147 to 149)

Extension 0 (0 to 1) 0 (�1 to 1) �5 (�6 to �4) �5 (�6 to �5)

Pronation 78 (77 to 79) 79 (78 to 80) 82 (81 to 83) 83 (82 to 84)

Supination 85 (84 to 86) 85 (83 to 86) 88 (87 to 89) 88 (87 to 89)

Passive

Flexion 147 (146 to 148) 147 (146 to 148) 153 (152 to 154) 153 (152 to 154)

Extension �2 (�2 to �1) �2 (�3 to �1) �8 (�9 to �7) �9 (�10 to �8)

Pronation 82 (81 to 83) 83 (81 to 84) 86 (85 to 87) 87 (86 to 88)

Supination 89 (88 to 90) 88 (87 to 90) 93 (92 to 94) 92 (9 to 93)

CI, confidence interval.
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Table 4. Normative values by body mass index (BMI).

Dominant side ROM (�), mean (95% CI)

BMI category < 18.50 18.50 to 24.99 25.00 to 29.99 � 30.00

Male (n¼ 166) 6 105 40 15

Active

Flexion 151 (148 to 155) 145 (144 to 146) 140 (139 to 142) 136 (134 to 138)

Extension �2 (�4 to 1) 0 (�1 to 1) 1 (0 to 2) 0 (�3 to 2)

Pronation 84 (80 to 89) 78 (77 to 80) 77 (75 to 79) 78 (75 to 81)

Supination 90 (85 to 94) 86 (85 to 87) 83 (81 to 85) 82 (80 to 85)

Passive

Flexion 155 (152 to 159) 149 (148 to 150) 144 (143 to 1456) 140 (138 to 143)

Extension �3 (�8 to 2) �2 (�3 to �1) �1 (�2 to 0) �2 (�4 to 1)

Pronation 89 (85 to 92) 82 (81 to 84) 81 (78 to 83) 82 (79 to 85)

Supination 95 (89 to 100) 90 (89 to 91) 87 (85 to 89) 86 (83 to 89)

Female (n¼ 186) 8 133 34 11

Active

Flexion 157 (154 to 159) 149 (148�150) 146 (144 to 148) 138 (135 to 141)

Extension �15 (�17 to �12) �5 (�6 to �4) �3 (�6 to �1) �2 (�5 to 2)

Pronation 86 (82 to 89) 82 (81 to 84) 80 (78 to 82) 78 (75 to 82)

Supination 94 (90 to 97) 89 (88 to 90) 8 (84 to 89) 84 (81 to 88)

(continued)

Table 3. Continued

Dominant side ROM (�), mean (95% CI)

Age category

(years) 18 to 29 30 to 39 40 to 49 50 to 59 60 to 69 70 to 79

Extension �8 (�10 to �6) �6 (�8 to �4) �5 (�7 to �3) �1 (�3 to 2) �2 (�4 to �1) �2 (�4 to �01)

Pronation 83 (82 to 85) 87 (85 to 89) 86 (84 to 87) 80 (77 to 82) 78 (75 to 81) 76 (74 to 78)

Supination 92 (90 to 93) 93 (91 to 95) 90 (89 to 91) 87 (85 to 89) 84 (81 to 86) 81 (79 to 84)

Passive

Flexion 155 (154 to 157) 158 (156 to 160) 154 (152 to 156) 152 (150 to 154) 149 (146 to 152) 145 (143 to 147)

Extension �12 (�14 to �10) �10 (�12 to �8) �8 (�11 to �6) �3 (�6 to 0 �5 (�7 to �4) �4 (�6 to �3)

Pronation 89 (88 to 91) 91 (90 to 93) 90 (89 to 91) 84 (80 to 86) 82 (79 to 85) 79 (76 to 81)

Supination 96 (96 to 98) 98 (96 to 101) 94 (92 to 95) 91 (89 to 93) 87 (85 to 89) 84 (82 to 86)

CI, confidence interval; ROM, range of motion.
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small numbers of subjects in certain groups (eg. under-
weight elderly).

The present study is not without limitations. A pos-
sible source of error might be unjustified inclusion of
subjects who did not report factors that may influence
the elbow ROM despite our written and oral inquiries.
Given the large study population, we expect the influ-
ence of this potential source of error to be small.
Furthermore, we did not ask for (professional) sports
activities, therefore it is not possible to draw conclu-
sions on the influence of sports on the elbow ROM.

We have chosen to exclude subjects under 18 years
and therefore we could not draw conclusions for the
paediatric population. A study by Golden et al.34

reported the mean elbow ROM in 300 healthy children
supplemented with age- and sex related changes.

In the previous literature, two studies investigated
differences between the ROM of the dominant and
nondominant sides. One study showed statistically sig-
nificant differences, with the mean difference varying
from 1.7� to 2.6�4 and another study showed nonsigni-
ficant differences.35 Similar to the present study, in both
studies, the differences were too small to be considered
clinically relevant. However, in overhead throwing
athletes, the flexion–extension range may be greatly
(approximately 14�) decreased,2 being even more dis-
tinct up to 24 h after throwing.10 A study on the effect
of obesity on active flexion showed no significant

Table 5. Intra- and inter-rater reliability.

Movement

(dominant side)

Intra-rater reliability Inter-rater reliability

ICC (95% CI) SEM SDD ICC (95% CI) SEM SDD

Active

Flexion 0.76 (0.47 to 0.90) 3� 7� 0.86 (0.53 to 0.96) 2� 5�

Extension 0.92 (0.80 to 0.97) 2� 6� 0.89 (0.63 to 0.97) 1� 4�

Pronation 0.90 (0.77 to 0.96) 3� 8� 0.92 (0.47 to 0.98) 3� 7�

Supination 0.91 (0.78 to 0.96) 3� 8� 0.87 (0.56 to 0.97) 3� 8�

Passive

Flexion 0.74 (0.45 to 0.89) 3� 7� 0.79 (0.33 to 0.94) 2� 6�

Extension 0.95 (0.88 to 0.98) 2� 5� 0.85 (0.52 to 0.96) 2� 5�

Pronation 0.86 (0.69 to 0.94) 3� 9� 0.91 (0.54 to 0.98) 3� 8�

Supination 0.90 (0.75 to 0.96) 3� 7� 0.82 (0.46 to 0.95) 3� 9�

As an example, in dominant side active flexion the SEM was 3�, which means that individual scores had an average measurement error of 3�. SDD in this

measurement was 7�, which means that, if the dominant side active elbow flexion for a subject changes by more than 7�, the change is considered as a

true change with 95% confidence.

CI, confidence interval; ICC, intraclass coefficient; SDD, smallest detectable difference.

Table 4. Continued

Dominant side ROM (�), mean (95% CI)

BMI category < 18.50 18.50 to 24.99 25.00 to 29.99 � 30.00

Passive

Flexion 163 (161 to 166) 154 (153 to 155) 150 (148 to 152) 142 (139 to 145)

Extension �20 (�24 to �17) �8 (�9 to �7) �6 (�8 to �2) �4 (�8 to �1)

Pronation 91 (88 to 95) 87 (86 to 88) 84 (81 to 87) 81 (77 to 85)

Supination 100 (95 to 105) 93 (92 to 95) 90 (88 to 92) 88 (84 to 92)

CI, confidence interval; ROM, range of motion.
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differences compared to subjects with an healthy BMI
(20 kg/m2 to 25 kg/m2),36 in contrast to the present
study. Nevertheless, significant negative correlations
for BMI on elbow range of motion (flexion/extension)
were found in obese children (right r¼ –0.54; left
r¼ –0.43).37

For measuring elbow ROM, the universal goniom-
eter is considered to be the most easy to use and clin-
ically available tool.5,6,38–40 Studies published in the
past show a good intra-rater and inter-rater reliability
of goniometric elbow measurements for all measure-
ments in both injured and healthy volunteers, with
ICC ranging from 0.70 to 0.99.3,6,14,16,18 However, a
study by Armstrong et al.15 showed lower inter-rater
and intra-rater reliability in injured subjects for flexion
and extension (0.45 to 0.99). In handball players, lower
intra-rater reliability for flexion and extension was
observed (0.49 to 0.93).3 One small study concerning
inter-rater reliability in healthy subjects showed
disappointing results for flexion and extension
(ICC¼ 0.53).17 Because the ICC uses variance between
the ROM measurements of subjects to calculate reli-
ability, a large variation between subjects will lead to
a higher ICC. This could possibly draw a misleading
conclusion of good reliability. Therefore, in the present
study, we decided to provide the statistical measures
SEM and SDD. These measures provide more
meaningful information for repeated measures within
subjects, which is relevant for clinical practice.33,41

One study reported results in degrees for intra-rater
reliability (mean within 1.2�) and inter-rater reliability
(mean within 1.6�).4 Another study presented intra-
rater SDDs of 7.8� for active flexion and 6.3� for
active extension and inter-rater SDDs of 8.2� for flexion
and 6.3� for extension.26 Intra-rater SEM was reported
in one study with results from 1.4� to 1.6� for flexion
and 1.0� to 1.2� for extension.3 No previous studies
were found that reported SEM or SDD values for pro-
nation and supination.

In our reliability analysis, both intra-rater and inter-
rater ICCs for all measurements showed good reliabil-
ity, ranging from 0.74 to 0.95. Reliability analysis
for the dominant and nondominant sides was not stat-
istically significant different; therefore, we reported the
dominant side only. Relative low ICCs were found for
flexion as a result of the small variation of flexion ROM
amongst subjects. Our results corresponded with stu-
dies measuring non-injured subjects.3,6,16–18 Intra-rater
SEM values ranged from 2� to 3� and SDD values
ranged from 5� to 9�. Of these measures, passive pro-
nation was the least reliable, with a SEM of 3� and
SDD of 9�. Accordingly, in this example, an individual
score had an average measurement error of 3� and, for
a repetitive measurement, the difference must be min-
imum of 9� to be considered as a true change with 95%

confidence. Inter-rater SEM ranged from 1� to 3� and
SDD from 4� to 9� and this applies to measurements
between different examiners.

Conclusions

Elbow ROM measurement was conducted on 352
healthy subjects and was found to be influenced by
sex, age and BMI. For all movements, males have a
significantly smaller range of motion. Also, a higher
age correlates with a smaller passive pronation–
supination range of motion and a higher BMI with
less flexion. Differences between the the dominant and
nondominant sides were too small to be clinically rele-
vant; therefore, in the general population, the ROM of
the opposite side could serve as a reference for the
injured side.
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